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Hypervalent aryli®-iodanes with two heteroatom ligands on  Scheme 1

iodine(lll) have emerged as reagents of choice for oxidations of a OH HO CHO
broad range of functionalities, mostly because of their environ- + Ph—l «18C6 — CHO
mentally friendly nature and high selectivitythey undergo vicinal BF4

difunctionalizations of olefins under mild conditions, and a wide 1-18C6 2

range of functional groups (OAc, OCO OTs, OMs, OTf, OH

OCOCEFE;, SPh, SCN, SePh,J\F, Cl, etc.) are introduced mostly Q A Ph—i AT o

with high 1,2-syn stereoselectivity. The accepted mechanism in- ij/ ' OTs @ 1-18C6 )I\WCHO
volves an initial electrophilic anti addition df-iodanes to a double Ar 4

bond and a subsequent nucleophilic displacement of theiaryl- 4 3 5

iodanyl group with inversion of configuration at the carbon afom. Ar: a (Ph),b (p-MeCeH.), ¢ (p-ClCeHa), d (p-CFCeHa).

To our surprise, however, there have been no reports in the literaturealbeit in a moderate yield (23%), with a large amount of the

on direct vicinal dihydroxylations of double bonds using at$A- recovered olefirBa (54%). 18C6 tightly coordinates to the iodine

iodanes. center in PhI(OH)BE 1 as a tridentate ligand and hence enhances
Hypervalenti3-iodane such as (diacetoxyiodo)benzene or iodine its thermal stability’2 which is responsible, at least in part, for the

triacetate undergoes smooth oxidative cleavage of the glye@ C ~ moderate reactivity of the complex18C6.

bond probably via the intervention of cyclic dialkoxy-iodanes, After extensive studies on reaction conditions, we found efficient

yielding carbonyl compounds! A large and rigidly held distance  general methods for the oxidative cleavage of olefins, which involve

between the two oxygen atoms is shown to dramatically decreasethe in situ generation of-iodanel from iodosylbenzene without

the rate of glycol fissior? It occurred to us that the development adding 18C6 in the presence of water: method A, PhlO (2.2 equiv)/

of direct synuic-dihydroxylation of olefins using aryl3-iodanes, 48% aqueous HBH6 equiv)/CHCl,—H,0 9:1/room temperature;

combined with the oxidative glycol fission, will make it possible method B, PhlO (2.2 equiv)/48% aqueous HRE.2 equiv)/CH-

to cleave the carbercarbon double bonds in one-pot. Cl,-hexafluoroisopropanol (HFIP)4® 9:3:1/room temperature.
Oxidative cleavage of a carbemarbon double bond to carbonyl ~ Hydroxy-A%-iodane 1 is labile in dichloromethane solution and

compounds is an essential operation in organic syntfedizo- decomposes at room temperature within a few minutes to give a

nolysis is generally accepted as the standard method for this directblack tari! however, we found that iodankis a stable species
transformatiorf, however, its utility is often limited by safety ~ Wwith a half-life time of several days at 2Z& when generated in
Concerngl Use of high_va|ent oxometals such as RuOth and water (Supporting |nf0rmation, Figure Sl) Tetracoordinated square-
MeReQ in combination with a number of oxygen donors (NalO  Planar hydroxyt*-iodane 6a, with two water molecules being
Oxone, or Jones reagent) as stoichiometric oxidants is suitable forcoordinated to the iodine cent¥:? will probably exist as an
the oxidative catalytic cleavage of olefihdut they are expensive  activated iodosylbenzene monomer under our conditidns.
and/or toxic. Therefore, the development of a safe and environ- OR
mentally friendly procedure for the cleavage of carbearbon
double bonds is highly desirable. We report herein for the first time
that protonated iodosylbenzene monomers directly undergo the
oxidative cleavage of olefins at room temperature in aqueous media.  cjeavage efficiency of the olefidawas greatly improved under
We recently reported a synthesis of protonated iodosylbenzenethese conditions and both methods A and B afforded good yields
monomer18-crown-6 complexl-18C6 as stable crystals, which (75-809s) of keto aldehydé&a (Table 1, entries 7 and 8). In the
serves as an efficient oxidant for a variety of functional groups reaction of an electron rich olefiéb, method B afforded a large
such as olefins, alkynes, enones, silyl enol ethers, sulfides, andamount of the rearranged ketofie (38%), while method A showed
phenols under mild conditions, especially in water as a sofvent. higher selectivity for double bond cleavage over 1,2-aryl migration
Exposure of indene to the hydroxy-iodane complex-18C6 (2.2 (entries 9 and 10). Use of HFIP (method B) probably slows down
equiv) in water resulted in a smooth cleavage of the double bond the rate of formation of intermediatéc-diols via $2 displacement

6a:R=H

I )
"OHe BFY g R=CH(CFy),

OH,

within 3 h atroom temperature: a labile dialdehyde was of phenyl43-iodanyl group with water, because of the decreased
selectively produced in 87% yield{ NMR) and the corresponding  nucleophilicity of water through hydrogen bonding with acidic HFIP
diol (76%) was isolated after reduction with NaBkh methanol (pKa = 9.3)1415 which in turn resulted in the formation of

(Scheme 1). This is the first example of oxidative cleavage of simple substantial amounts of the migration proddiot On the other hand,
olefins with aryl-13-iodanes. Very interestingly, in marked contrast the attempted cleavage of a less reactive olgfinith an electron-

to the Koser reagent PhI(OH)OTs that affords a rearranggldenyl withdrawingp-CF; group using method A was found to be fruitless,
ketoneda (84%) by the reaction with 1-phenylcyclohexe@a)(in while use of HFIP afforded a good yield 88 (71%) (entries 13
95% methanol? the complexl-18C6 undergoes oxidative cleavage and 14), which indicates that method B is a favorable choice for
of the double bond in water yielding keto aldehygteselectively, the cleavage of less reactive olefitis.
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Table 1. Oxidative Cleavage of Olefins with lodosylbenzene Scheme 2

entry olefin method’ time h yield (%)" CHO

o]
AN PhIO (1.1), HBF, (1.1) ™
B 1 79 (50) R// CHyCly-HFIP-Ho0 (9:3:1), rt R//
B i 41 R (reaction time h, yield): H (1, 89%p-Me (2, 57%)),p-ClI (5, 75%),
> 80 (41) M-CFs (6, 69%),p-CFs (8, 70%),p-MeO,C (5.5, 64%)m-NO; (42, 88%).

1
2

@ﬂ A 0.5 53 under the conditions similar to method B and aromatic aldehydes
were obtained in good yields (Scheme'23°
4 Me A 2 76 (72) In summary, we have developed an efficient method for the

oxidative cleavage of carbeitarbon double bonds as a safety

5 A 3 (57) alternative to ozonolysis, by using a combination of iodosylbenzene
and HBF, in the presence of water.
6 B 1.5 58 (44) Supporting Information Available: Experimental details and
7 3a A ) 75 (82) Flgure_s S1S4. This material is available free of charge via the Internet
8 3a B 5 80 (77) at http://pubs.acs.org.
9 3b A 1 66 (64)°
10 3b B 1 56 (57)° References
11 3c A 5 61 (56) (1) (a) Varvoglis, A.The Organic Chemistry of Polycoordinated lodine
12 3¢ B 2 83 (84) VCH: New York, 1992. (b) Zhdankm, V. V.; Stang, P.Ghem. Re.
13 3d A 8 134 2002 102, 2523. (c)Hyperwalent lodine Chemistrywirth, T., Ed.; Topics
in Current Chemistry 224; Springer: Berlin, 2003. (d) Moriarty, R. M.;
14 3d B 4 71 (66) Vaid, R. K.; Koser, G. FSynlett199Q 365. (e) Wirth, T Angew. Chem.,
Me Int. Ed. 2005 44, 3656.

(2) For two-step cis-dihydroxylation of alkenes with PhI(OCQJgFsee:
Celik, M.; Alp, C.; Coskun, B.; Gultekin, M. S.; Balci, M['etrahedron
Lett 2006 47, 3659.

Me (3) (a) Criegee, R.; Beuker, Hustus Liebigs Ann. Chert939 541, 218.

16 nCﬁHZS\%Me B 2 54 (55) (b) Angyal, S. J.; Young, R. J1. Am. Chem. Sod 959 81, 5467. (c)

Me
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Pausacker, K. Hl. Chem. Sad 953 107. (d) Ignacio, J.; Lena, C.; Altinel,
E.; Birlirakis, N.; Arseniyadis, STetrahedron Lett2002 43, 1409.
(4) Cyclic A>-iodanes derived from glycols have been well characterized.

17 M Me A 2 (72)° See: (a) Frohn, H. J.; Pahlmann, \)..Fluorine Chem1985 28, 191.
Me (b) Dess, D. B.; Martin, J. CJ. Am. Chem. Sod 991, 113 7277. (c)
Munari, S. D.; Frigerio, M.; Santagostino, M, Org. Chem1996 61, 9272.
N (5) (a) Kuhn, F. E.; Fischer, R. W.; Herrmann, W. A.; Weskamp, T. In
Transition Metals for Organic SynthesiBeller, M., Bolm, C., Eds.;
18 Ar= Ph B 1 45y Wiley-VCH: Weinheim, 2004; Vol. 2, p 427. (b) Lee, D. G.; Chen, T. In
19 m-CF,C¢H, B 8 57 (54Y Comprehensie Organic SynthesisTrost, B. M., Fleming, I., Eds.;
g Pergamon: Oxford, 1991; Vol. 7, p 541.
g(l) Z-ﬁigjgésm g i g; gz; (6) (a) Bailey, P. SOzonation in Organic ChemistnAcademic Press: New
York, 1978; Vol. 1. (b) Cri , RA . Chem., Int. Ed. Endl97
22 m-NO,C¢H, B 72 61 (56 14(1),r745, ° (b) Criegee, Rangew. Chem., In ndio7s
eV - (7) Serious accidents due to explosions have been reported. See: (a) Koike,
2 See text® Yields of carbonyl compounds were determinedHyNMR. K.; Inoue, G.; Fukuda, TJ. Chem. Eng. Jpri.999 32, 295. (b) Dorofeev,
Parentheses are isolated yields of alcohols (or their derivatives), after S. B.; Eletskii, A. V.; Smirnov, B. MSa. Phys. Dokl 1981, 26, 318. (c)
reduction with NaBH in MeOH. ¢ Yields of byproductdb: 17% (entry 9) Ogle, R. A.; Schumacher, J. Process Saf. Progl998 17, 127.
and 38% (entry 10) Olefin 3d (46%) was recovered.Isolated as 2,4- (8) &%)42[2‘2/?(5)- g-: kl\larg;lyaf,’&. gi;l BOJhaf:D, %A/f\“- %1hem- Ssoﬁggg
ini i - 850 9 0 ) . erkowitz, L. M.; Rylander, P. N. Am. Chem. So
gdz'ﬁ}"f“;%eg}ﬁz'}g?':ﬁgg?gf of phenylacetaldehydes: 85%, 24%, 21%, 80, 6682. (c) Kogan, V.; Quintal, M. M.; Neumann, Rrg. Lett.2005

7, 5039. (d) Pappo, R.; Allen, D. S.; Lemieux, R. U.; Johnson, WI.S.
Org. Chem 1956 21, 478.

i ; (9) (a) Ochiai, M.; Miyamoto, K.; Shiro, M.; Ozawa, T.; Yamaguchi, K.
Cyclic (cyclopentenes, cyclohexenes, etc., entries)land Am. Chem. S0@003 125, 13006. (b) Ochiai, M.; Miyamoto, K. Yokota,
acyclic (entries 1517) olefins are cleaved smoothly under our Y.; Suefuji, T.; Shiro, M.AAngew. Chem., Int. EQ005 44, 75. (c) Ochiai,
conditions. With styrene, however, 1,2-phenyl migration yielding M. Coord. Chem. Re 2006 250, 2772.

L. . (10) Justik, M. W.; Koser, G. FTetrahedron Lett2004 45, 6159.
phenylacetaldehyde was proved to be a principal reaction pathway (11) zhdankin, V. V.; Tykwinski, R.; Caple, R.; Berglund, B.; Koz'min, A.

(entry 18), as reported by Moriarty and Kode#’ In contrast, S.; Zefirov, N. S.Tetrahedron Lett1988 29, 3703.
| -deficient ith CECOM d N (12) Richter, H. W.; Cherry, B. R.; Zook, T. D.; Koser, G. F.Am. Chem.
electron-deficient styrenes with gGFCO,Me, an Q groups S0c.1997 119, 9614.

primarily undergo the oxidative cleavage yielding substituted (13) Coordination of two water molecules increases the stabiliiabdane

; . . . . 1. Two linear hypervalent bondings-@---:O and C-1---O in 6a are in
benzaldehydes in good yields, being accompanied by formation of the preferred combinations of the ligands in terms of trans influences,

the rearranged phenylacetaldehydes (entries2P9. Ratios of the vovhi#hAcontré)I tge stability of hyperva]entfbondiﬂg Mlj'Odanes' See:
: . chiai, M.; Sueda, T.; Miyamoto, K.; Kiprof, P.; Zhdankin, V. Xngew.
oxidative cleavage to rearrangement products depend on the Chem.. Int. Ed2006 45, 8203.

electronic nature of the aryl groups, and a linear Hammett (14) Cativiela, C.; Garcia, J. I.; Mayoral, J. A.; Salvatella,Gan. J. Chem

; in f — ; ; 1994 72, 308.
relationship p = 3.1) for the substituent effects with= 0.98 was (15) Tafta value of solvent hydrogen-bond donor acidity of HFIP is 1.96.

found between lo®arcro/Karchzcho) ando values (Figure S2). See: Reichardt, CSobents and Selent Effects in Organic Chemistry;
H i : Wiley-VCH: Weinheim, Germany, 2003.
The cleavagt_e oh_q—nltrostyrene is very slow ar_1d requires .a (16) Method B possibly generates a tetracoordinated alk&igeanetb, being
prolonged reaction time (3 days, entry 22). Interestingly, formation a more powerful oxidant than hydroxyiodafa (Figures S3 and S4).

f nsiderabl mount (34%) of th I ndin Xi (17) (a) Moriarty, R. M.; Khosrowshahi, J. S.; Prakash,T@trahedron Lett.
ofa cons qe able amou (3 0) 00 € corréspo d 9 €po de 1985 26, 2961. (b) Rebrovic, L.; Koser, G. B. Org. Chem1984 49, 2462.
together withm-NO,CsH,CHO (39%) was detected when the  (18) (a) Moriarty, R. M.; Gupta, S. C.; Hu, H.; Berenschot, D. R.; White, K.

reaction was quenched after 25 h. These results appear to indicate g- Jf- An}- gheT-tfg(%%zl %8%3686-M(b) OC_giaPi{ M glatlianisTf1ihAh;
the intermediacy of epoxides on the way to the formation of the S0 apar-2000 2, 2923 () McQuald, K. M.; Pettus, T. R. R.
cleaved products from styrenes at least in part. lodosylbenzene and (19) For clgavagedqf zéph\e/nyloxilr_aneA| wi(t)h [bié‘ﬁ”"“Sé%ici%’xsy%ié’f"]benze“e'
; R ; Aafini see: Spyroudis, S.; Varvoglis, A. Org. Chem , .

Its dgnvatwes ,tranSfer t_he oxygen atom to highly eleCtron,deﬁC'em (20) The oxidative cleavage of aryloxiranes probably proceeds via the acid-
olefins, affording epoxide¥ In fact, we found that a variety of catalyzed formation of intermediatéc-diols.

aryloxiranes undergo an oxidative cleavage of the epoxide rings JA070179E
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